Three flavones (quercetin, myricetin and amentoflavone) were extracted from Chamaecyparis obtusa leaves using deep eutectic solvents (DESs) as additives to conventional extractions solvents. Sixteen DESs were synthesized from different salts and hydrogen bond donors. In addition, C. obtusa was extracted under optimal conditions of methanol as the solvent in the heating process (608 8 8 8 8C) for 120 min at a solid/liquid ratio of 80%. Under these optimal conditions, a good linear relationship was observed at analyte concentrations ranging from 5.0 to 200.0 mg/mL (R 2 > 0.999). The extraction recovery ranged from 96.7 to 103.3% with the inter-and intraday relative standard deviations of <4.97%. Under the optimal conditions, from C. obtusa, the quantities of quercetin, myricetin and amentoflavone extracted were 325.90, 8.66 and 50.34 mg/mL, respectively. Overall, DESs are expected to have a wide range of applications.
Introduction
Natural plants are used in many domains including medicine, nutrition, flavorings, beverages, dyes, repellents, fragrances, cosmetics and other industrial purposes. Since prehistoric times, plants have been the basis for almost all medicinal therapies until the development of synthetic drugs in the nineteenth century (1, 2) . Chamaecyparis obtusa is a species in the genus Chamaecyparis that is distributed mainly in Korea, Japan and the north eastern parts of China. The flavonoids extracted from C. obtuse have multiple biological activities, such as antibacterial, antifungal, anti-mite, anti-termite and acaricidal activities (3) (4) (5) . Therefore, they can play important roles as nutraceuticals and functional foods.
Quercetin, myricetin and amentoflavone, which have antioxidant and anticancer activities, are the main flavonoids in C. obtusa. Myricetin has potential anticancer activity and might be an important chemoprevention agent for bladder cancer (6) . Previous studies have reported that quercitrin is an antibacterial agent that inhibits the oxidation of low-density lipoproteins and prevents allergic reactions (7) . The activity of amentoflavone might help further improve its effectiveness in controlling cancer growth and metastasis (8) . In addition, amentoflavone has antibacterial, anti-inflammatory and antioxidative activities (9) .
Recently, ionic liquids (ILs) have been in highlighted as "Green solvents" because of their many favorable properties. On the other hand, the use of ILs for large-scale applications in industry is still a challenge because of the expensive raw materials and complicated synthetic processes (10) . Therefore, eutectic mixtures with so-called deep eutectic solvents (DESs) have been recognized as alternatives to ILs because DESs can be obtained simply by mixing two safe (or low toxicity) components together to form a eutectic mixture. Furthermore, Choi and coworkers reported that they discovered a kind of natural deep eutectic solvents (NADES) from nature (11, 12) . In general, these DESs have many advantages, such as chemical inertness with water, easy preparation, low cost and environmental friendliness (13 -16) and have attracted considerable interest in both academia and industry. These solvents have been proposed for applications, such as extraction processing (17, 18) , organic synthesis (19) , electropolishing (20) and electrodeposition (21) .
In this study, three flavones were extracted from C. obtusa extracts using DES as an additive. The parameters relevant to the extraction efficiency of phenolic acids due to the DES conditions [salt, hydrogen bond donor (HBD) and ratio] and extraction conditions (time, temperature and solid/liquid ratio) were examined systematically.
Experimental

Materials
Chamaecyparis obtusa was collected from a market (Jangsung, Korea). Ethylene glycol, 1,2-butanediol, 1,6-hexanediol, urea, tetramethyl ammonium chloride (Et 4 NCl), methyl triphenyl phosphonium bromide (Me(Ph) 3 PBr) and choline chloride (ChCl) were obtained from Tokyo Chemical Industry Co. Ltd. (Tokyo, Japan). Quercetin, myricetin, amentoflavone, phenol, oxalic acid and zinc chloride (ZnCl 2 ) were purchased from SigmaAldrich (St. Louis, MO, USA). Methacrylic acid was acquired from Kanto Chemical Industry Co. Ltd. (Tokyo, Japan). Glycerin and methanol were supplied by Duksan Pure Chemicals Co., Ltd. (Ansan, Korea). Distilled water was filtered using a vacuum pump (Division of Millipore, USA) and a filter (HA-0.45, Division of Millipore, USA) prior to use. All samples were filtered using a filter (MFS-25, 0.2 mm TF; Whatman, USA) before being injected into the high-performance liquid chromatography (HPLC) system.
Preparation of the DESs
The DESs were prepared by heating the different salts and different HBDs at different ratios (salt/HBD, mol/mol) to 1008C with constant stirring until a homogeneous liquid formed (22) . Table I lists the salt, HBD, salt/HBD ratio and abbreviations of the DESs in this study.
Preparation of the standard solutions and sample solution Stock solutions of three compounds (quercitrin, myricetin and amentoflavone) were prepared in methanol (5.0, 25.0, 75.0, 150.0 and 200.0 mg/mL, respectively), and the spiked samples were prepared with methanol at 10 mg/mL. The dried C. obtusa powder (1.0 g) was placed in vials containing a range of solvents (water, methanol, ethanol, chloroform and acetone) and the solvent was extracted using three methods (stirring, heating and ultrasonic). The extraction solutions were placed under a range of conditions, such as solid/liquid ratio, temperature and time. After mixing and centrifugation, the corresponding extract was filtered through a 0.45-mm filter for subsequent HPLC analysis.
HPLC analysis
The chromatography system consisted of a Waters 600 s Multi solvent Delivery System, Waters 616 liquid chromatography (Waters, MA, USA), a Rheodyne injector (20 mL sample loop) and a variable wavelength 2487 UV dual channel detector. Autochro-2000 software (Younglin Co. Ltd., Korea) was used for data acquisition. The analysis was performed on an OptimaPak C 18 column (5 mm, 250.0 Â 4.6 mm, i.d., RS tech Corporation, Daejeon, Korea). HPLC separation of phenolic acids was carried out using acetonitrile/H 2 O/trifluoracetic acid (35/65/0.1, v/v/v) at a flow rate of 0.5 mL/min with detection at a wavelength of 372 nm. Table I lists the parameters of each compound calibration curve.
Results
Effect of type of DES as additive
The three flavones were extracted using different DESs (Table I) as additives. At this time, C. obtusa was extracted from methanol at 608C heating for 60 min, and the ratio of DES to methanol was 20%. In Table II , DES 1 -11 and DES 15 showed different salts and HBDs when the synthesis ratio was 1:2 (but DES 10, DES 11 and DES 15 was 1:4 because of the much higher viscosity), and DES 12 -16 showed different synthesis ratios of the selected optimal DESs at DES 1 -11 and 15. First, the optimal salt and HBD selected was DES 15 (Me(Ph) 3 PBr and ethylene glycol) (Figure 1 ). The best Me(Ph) 3 PBr/ethylene glycol ratio selected for extraction was DES-16 (1:5) (Figure 1 ). Figure 1 shows that the data combined various types of DES and synthesis ratios. Figure 2 shows the amounts of phenolic acids extracted depending on the extraction solvent to DES ratio. A similar amount was extracted at extraction solvent to DES-16 ratios of 50, 65 and 80%. On the other hand, some of the DES-16 particles were not dissolved in the extracted solvent when the DES-16 ratio was 65 and 80%. Therefore, the optimal ratio of the extracted solvent and DES-16 was considered to be 50%. In the following research studies, the ratio of extracted solvent to DES-16 fixed to 50%.
Effect of DES-16/extraction solvent ratio
Effect of extraction solvent
Solvent selection was carried out using water, methanol, ethanol, chloroform and acetone. In addition, 10.0 mL of solvent was used to extract 1.0 g of C. obtusa powder for 60.0 min at 608C. A comparison of the amounts of the three flavones extracted in the different solvents revealed methanol to be the best solvent (Supplementary data, Figure S1 ).
Effect of the solid/liquid ratio
Target compounds were extracted from C. obtusa at 608C after heating for 60 min with 50% of the ratio of DES-16 to methanol. The optimal ratio of C. obtusa source to extraction solvent was 1:10 (Supplementary data, Figure S2 ). This ratio had a high extraction effect and suitable extraction amount.
Effect of extraction method
Different extraction methods, such as heating extraction, stirring extraction and ultrasonic extraction, were evaluated by extracting 1.0 g of dry C. obtusa with 10.0 mL of methanol. In heating (stirring at 608C), stirring and ultrasonic (75 W) extraction, the powder was extracted with the solvent for 1 h. A comparison of these three methods found that the heating method extracted the highest amount of flavonoids ( Figure 3 ).
Effect of extraction temperature
The leaves of C. obtusa were extracted at 20 -808C (Figure 4) . Generally, the quantity of flavonoids increased with increasing extraction temperature. On the other hand, the temperature did not influence the amount of flavonoids extracted above 608C. Considering energy consumption, 608C was considered to be a suitable temperature.
Effect of extraction time
The time also affects extraction. To optimize the extraction time, extraction was carried out at the optimal solid -liquid ratio for 30.0 -150.0 min. An increase in the amount extracted was observed when the extraction time was fixed to 120 min ( Figure 5 ). This shows that the extraction effects are the same after 120 min. Therefore, 120 min was considered a sufficient time.
Analytical performance A series of experiments were carried out to determine the linearity, precision, detection limits and other characteristics of the method under the optimized conditions. Quercitrin, myricetin and amentoflavone showed good linearity from 5.0 to 200.0 mg/mL with correlation coefficients (R 2 ) ranging from 0.9996 to 0.9998. The limit of determination (LOD) of the three organic acids ranged from 0.08 to 0.17 mg/mL and the limit of quantitation (LOQ) ranged from 0.19 and 0.30 mg/mL. The lowest concentration of the real samples was 5.0 mg/mL, which means that they can be quantified well using this method. The precision, which was determined by repeating the analysis six times, ranged from 96.7 to 103.3% (Table III) . These results show that the proposed method is stable with wide potential applicability.
Discussion
The additive in the extraction solvent is important for extraction because it affects the solvent properties. Therefore, DESs, as additives, have significant effects on extraction because DESs have good physicochemical properties, such as solubility, diffusivity, viscosity, surface tension and polarity (23) . In addition to their properties, the effect of positioning the HBD groups along the alkane chain should be considered with the ratio DES to methanol of 20%. Phenolic acids can be considered a HBD type. Therefore, HBDs and phenolic acids interact competitively with the salts. If one molecule of HBD has sufficient space between the HBD groups, it can envelop the chloride and bromide anion so that only one molecule can complex around it. Accordingly, the best Me(Ph) 3 PBr/ethylene glycol ratio selected experimentally for extraction was DES-16 (1:5) . In addition, DESs have a lower extraction effect owing to their high viscosity. Therefore, the addition of the extracted solvent to DES can have significant benefits by decreasing the viscosity. Based on the results, the optimal ratio of the extracted solvent and DES-16 was established to be 50%.
The extraction solvent and the sample-to-solvent ratio are two of the main factors for the high levels of extraction. The extraction efficiency of the target compounds increases using a small amount of solvent and a large amount of sample. On the other hand, very small amounts of solvent decrease the extraction efficiency significantly because extraction is difficult, and the amount of sample extract is quite small. Therefore, methanol (1:10) was considered to be a suitable extraction solvent and sample/solvent ratio.
The extraction method was fixed experimentally to heating. The amount of flavonoids increased with increasing extraction temperature. On the other hand, temperature did not affect the amount of flavonoids extracted above 608C. Considering energy consumption, 608C was considered a suitable temperature. A chromatogram presents three target compounds obtained from extracts under the DES-16 optimal extraction conditions (Supplementary data, Figure S3 ). However, among three targets compounds, myricetin with a small amount in extracts showed a small peak in Figure S3 , Supplementary data.
Conclusion
The proposed material and methods were applied successfully to the extraction of three flavones from C. obtusa extracts using a DES. DESs were synthesized from various salt and HBDs. The optimal conditions were 50% of the DES synthesized from Me(Ph) 3 PBr and ethylene glycol (1:5). The extraction of the three flavones was optimized using methanol as the solvent in the heating process (608C) for 120 min at a solid -liquid ratio of 80%. The optimal conditions were confirmed using numerical analysis (R 2 . 0.999). In addition, when DES was used as an additive, the amounts of quercetin, myricetin and amentoflavone extracted were increased by 128.7, 111.7 and 111.1%, respectively, compared with that without the additive. Therefore, DESs have the potential to be developed as a solvent for concentration and extraction and has potential applicability to other phenolic acids in functional foods, medicinal herbs and nutraceuticals.
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